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Fig.1 Histochemical analysis of laser irradiated mesenchymal stem cells

(MSCs). Calcium deposition was evaluated by alizarin red-S staining
(magnification: x50) at 5 days post-irradiation. Calcium deposition
had increased around the cells in a dose-dependent manner. Calcium
phosphate deposition was evaluated by von Kossa staining
(magnification: x50). At 5 days after treatment, staining increased
with increased laser energy. The area expressing alkaline
phosphatase (ALP) activity was stained (magnification: x50). Laser
irradiated samples displayed immunopositive staining for osteocalcin,
a marker of osteoblast differentiation (magnification: x100). Scale bars
= 200 (for Alizarin red-S, von Kossa, and ALP staining) and 100pm
(for osteocalcin immunostaining).
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Fig.2 The quantitative calcium content increased after laser irradiation
relative to non-irradiated cells. Calcium content increases varied with
laser energy. ¥, p<0.01: significant difference between the calcium
content of laser-irradiated MSCs and controls.
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Fig. 3 (a) Laser irradiation enhanced the total collagen contents in ATDC5
cells 14 day after laser irradiation. *, p<0.01: significant difference
between the total collagen contents of laser irradiated cells and
non-laser irradiated cells. (b-e) Increased mRNA expression of early
and mature chondrocyte matrix gene [aggrecan (b) and collagen type
IT (c)] and positive transcription factors for chondrogenesis [SOX-9
(d) and DEC-1 (e)] by laser irradiation on chondrogenesis. *, p<0.01:
significant difference between the relative mRNA levels of laser
irradiated cells and non-laser irradiated cells.
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Fig. 4 Staining with oil red O demonstrates that laser irradiation decreased
adipogenesis relative to non-irradiated areas (magnification: x50).
Higher magnification (x400) is shown in frame. Scale bars = 200 pm.
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Fig. 5 The histamine secretion from mast cells were increased after laser

irradiation.
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Fig. 6 Intracellular calcium level was increased after laser irradiation.
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Fig. 7 Reactive oxygen species were generated after laser irradiation.
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Fig. 8 Insulin secretion was enhanced when the laser (wavelength; 664 and
808 nm) was irradiated. On the other hand, insulin secretion was
inhibited when the laser (wavelength; 405 nm) was irradiated to
mouse islet of Langerhans f cells.
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WTIESHRLMRZRGET D FETHD.

6. EHRIED R
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FABRRIERDIRATH D,
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ER8OONmMEFN T LML —F —ZRAN 2R FETEICEWT, ZORBRAER
ZBH100nmDEM N REE T ARG EBIBEZFR TEHAHLL NI HMOBFKICKIIL
T=o

2)TSXEZYY - AR TUTNERAVW BRI LERF
BAMAZTTUTILEVWSIEEFREL, p, sRAICHLTEBICIT 2 —RI—REEH
BWEEIFHLWITA—RI—FHFEEBEL Iz, SN AT TYTILIEHENFETIEERAT
FLHEVFIGRMONFRREEAHL, 2<FHLOAEEMOBIHEARNDLDOTHSZ L%
BSMIZLTLVS,

3) AR T T ILDREITEFIEA~DIEHA
AR TIVTZIDIEAELT, AZHMIZEHEEZHELIZAZTTUTILY, MEDETEZLS
HTDEFEHLVFERELTHRATESLILEFHALMICLTZ,

BRNCTHEMEMRFETER S /BEZEREHIE . SRTMEFT/ VA XDFHLLERES
JIMMITEMEAREHEHRICIEN T THRULICLEEEFHETES,

HAEMRIE. 13DRZFRX. HFrHfEcH. FRER19EGITEH SN, "ISOMOI Best
Academic Paper Award ”. 5§ 14 [B] RETY/ - T4—5L21 TJ—I)LR- A ELREEZZFELT
WA, BICHEITREEIREOKREIESTHY . BEFHE74E. EE-BORM228  AT4TH
R21BEHZATVL YT VEEHATORAZRL. HEMSDEAFORESERLTLY
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196



7. TERXF
(A)ESENTEARREZTETHON-BRETELLD
(WX (FERX) FER---BEEGTLOSHZEH. £134,

*Yao—Yu Cao, Nobuyuki Takeyasu, Takuo Tanaka, Xuan—Ming Duan, and Satoshi Kawata, “3D
Metallic Nano—Structure Fabrication By Surfactant—Assisted Multi-Photon—Induced
Reduction,” Small 5, pp. 1144-1148 (2009).

- Atsushi Ishikawa, Takuo Tanaka, and Satoshi Kawata, “Magnetic Excitation of Magnetic
Resonance in Metamaterials at Far-Infrared Frequencies,” Applied Physics Letters 91,
113118 (2007).

* Atsushi Ishikawa, Takuo Tanaka, and Satoshi Kawata, “Frequency dependence of the
magnetic response of split-ring resonators,” Journal of the Optical Society of America
B 24, pp. 510-515 (2007).

«Atsushi Ishikawa, Takuo Tanaka, and Satoshi Kawata, “Improvement in the reduction of
silver ions in aqueous solution using two—photon sensitive dye,” Applied Physics Letters
89, 113102 (2006).

»Takuo Tanaka, Atsushi Ishikawa, and Satoshi Kawata, “Unattenuated light transmission
through the interface between two materials with different indices of refraction using
magnetic metamaterials,” Physical Review B 73, 125423 (2006).

(2) ¥rerHifE
MEAFEREE 6

FHERE - Takuo Tanaka and Satoshi Kawata,
FEADELFR: "OPTICAL MATERIAL, OPTICAL DEVICE FABRICATED THEREFROM,
AND METHOD FOR FABRICATING THE SAME”,
HEFEA E{LFARAT
HEER: 11/455092 (2006/6/19), US2007-0140060-A1 (2007.1.18), US 7532397
(2009.5.12).

FERE HH#RE, K&, AHEER

FKEADEF: "IWNILAL—F—REZES LV ILAL—F—FKEFR"
HEEA: Bt FRT

HFER : #%5[EE 2008-111610 (2008.4.22).
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HFER 45 [EE 2008-077913 (2008.3.25).
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HEEA: B AT
HEEH : 4% E5 2007174981 (2007.7.3).

FEAE H&msE, HRE, AHR

READLF: "ERI—T1UHERLUERVV T ORERZE"
HEEA: B RRT

HEER: 58 2007-174980 (2007.7.3).

fRERR - EEDLDSHERE . 2144,

RS, "TIXEZYI-AFTTUTIV,” TEH 158, pp. 68-69 (2010).

HGRE, "ISXEZYY- A2 T1)TIL,” NEW GLASS (2010) (in printing).

HHBEE, 2R FETEZEAVNE3ATF/£BEE&ENL—Y—NTI,” L—¥mIZ
23% (2010) (in printing).

AR, "TIXEBZYI AT TITILERWATHESIEEM R, RKRHMH9, pp.
22-28 (2009).

HHHEB, AT+ HORX-RAZEBZSAEMHEZBERLT” BAEREREH
[E<43]1 4, pp. 476-483 (2009).

EZE---HEOLDOSHERLHE. 281,

Takuo Tanaka, “Using metamaterials to defy our common understanding of light,” RIKEN
RESEARCH, pp. 13-16 (2009).

HPEBEMFHLEEBN), "ATTIUTILETHA2 953D L—FIMIHEAM," Laser
Focus World JAPAN, pp. 44-46 (2009).

HHHES, "EPRGEDERBAAVICHAZATTHRAILSESIAETERDIFEE
EF/R7T—IVTEEICHEY HRMEFEIL ! ,” JST News, p. 4 (2009).

A, "RERLATVESRTLEM  F4E1ROTIT090 AT D&
FREL" () P—ILI—HAR pp. 166-179 (2009).

H#ES, “AEMEOBIFTEHERMORKIRURK) FIE TIXEZVI-A9TT
DTV (#)—IT LI —HER (2009).

BFEE(ERRE) - BEILOLDOSHEEH. 324,

Takuo Tanaka, “Plasmonic metamaterials: their properties, fabrication technique, and
applications,” RIKEN-Lund-Harverd Joint Symposium (3B2#f, fl1JtF+v> /7 X, Japan)
(2009.11.17) (2009) (Invited).

Takuo Tanaka, “Plasmonic Metamaterials,” Japan—America Frontiers of Engineering
Symposium (UC Irvine, US, US) (2009.11.9) (2009) (Invited).

Takuo Tanaka, “Two-photon fabrication of three—dimensional metal structures for
isotropic metamaterials,” The 4th International Symposium on Integrated
Molecular/Materials Engineering (Sichuan Univ. Chengdu, China) (2009.10.27) (2009)
(Invited).

Takuo Tanaka, “Nano-scale fabrication technique of three—dimensional metal structures

for plasmonic metamaterials,” SPIE International Symposium on
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NanoScience+Engineering (SanDiego Convention Center, SanDiego, U.S.A.) (2009.8.2)
(2009) (Invited).
Nobuyuki Takeyasu, Takuo Tanaka, and Satoshi Kawata, “Enhancement of spatial
resolution with high sensitive photo—initiators in two—photon induced polymerization,”
SPIE International Symposium on NanoScience + Engineering (SanDiego, USA) (2009.8.3)
(2009) (Invited).

BEHEEEANRE) - -BLDLOSHEEH. £424,

BB, "TSXEZY Y- A TYT7IV,” BAA T ANNOZ IR BE I F— HiE
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AR B, “Plasmonic Metamaterials and their related topics,” RIALKFEZ T EHE
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FLEXR(EREE) - BEIEOLDOSHZEH. £124,

Takuo Tanaka, Takanobu Higuchi, Tetsuro Koga, and Ayumi Mitsumori, “Plasmonic
three—dimensional optical disk with ten recording layeres,” International Symposium on
Optical Memory 2009 (Nagasaki Brick Hall, Nagasaki, Japan), (2009.10.8) (2009).
Nobuyuki Takeyasu and Takuo Tanaka, “Analysis of Spatial Resolution on Two-Photon
Polymerization,” International Symposium on Engineering Micro—/Nano—Materials based
on Self-Assembling and Self-Origanization (ISEM2008 Returns) (Miraikan, Japan),
(2008.12.9) (2008).

Takuo Tanaka, “Nano—scale fabrication of three—dimensional metallic structures for
plasmonic metamaterials,” Gordon Research Conference, Plasmonics (Tilton, NH, USA),
(2008.7.27) (2008).

Xuan—Ming Duan, Yao—Yu Cao, Wei—Kang Wang, Xian—-Zi Dong, Wei—Qiang Chen,
Nobuyuki Takeyasu, Takuo Tanaka, and Satoshi Kawata, “Metallic Structures with
Nanometer Scale Resolution Fabricated by Direct Laser Photoreduction and Selected
Surface Metallization,” PIRES (2007).

Nobuyuki Takeyasu, Takuo Tanaka, and Satoshi Kawata, “Two—photon Initiators with
High Initiating Efficiency for Fabrication of Nanophotonic Devices,” 2008 MRS (Material
Research Society) Meeting (San Francisco, CA, USA), (2008.3.25) (2008).
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(OKIEKRE), 0, p. 139 (2009.3.31) (2009).

A @& #F B, “Nanofabrication technique of 3D metal structures for plasmonic
metamaterials,” B VRO DL FBTEF/ITARZIRKAIITITILOVRD I L
(128, 15 F), (2008.11.7) (2008).

RRMHE, BRRSB, AHE "YANEREEI—TAU T ELTDIRTHBEET /N1 X
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Ad#ns, ®HEMmzE, AHR "RIEEISXEZYY-A2ITYTIL,” % 53 BEIGA
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R/ R) (2007.3.27) (2007).
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FH &A% (B : Newton fREEB L BB, "M AF/HBEEF " H£HHT 'L —H—", Newton
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BB, "AEFLET(+--- BIEIEMFEBEARML", EBHE 2000 F£3 A 17 8 7Tl
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ISOM2009, Takuo Tanaka, Takanobu. Higuchi, Tetsuro. Koga, and Ayumi. Mitsumori,
“ISOMO09 Best Academic Paper Award “Plasmonic three—dimensional optical disk with
ten recording layeres”,” ISOM (2009) .
% 14 @ RETY/-74—5L21 T—)LR-AZ)LE, BHIRE, "A23TUTILEER
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